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COST REDUCTION WITH REWORK OF REJECTED LOTS IN A CELLULAR PLANT 
WITH USE OF SIX SIGMA METHODOLOGY 
 
Abstract. Companies are continuously increasing quality in their production processes, improving 
customer satisfaction and reducing cost, in order to remain competitive in their niche market, Six 
Sigma becomes a key method to be introduced generating a continuous improved production 
process. This action research evaluated the cost of rework of rejected batches, on a mobile phone 
plant, throughout 2014. Continuous improvement in the process was applied by means of Six Sigma 
methodology, so that cost could be reduced. It was found that the objective was achieved, resulting 
in a cost reduction to rework batches rejected by 50 %. Other tools were used, including, 
Brainstorming, Pareto Diagram, Gage R & R and Poka Yoke. Continued DSTE study and its 
implementation were approved and a continuous monitoring process was implemented. 
 
Keywords: Improvement, Lot rejected, Quality, Rework, Six Sigma. 
 
1. INTRODUCTION 
The six sigma methodology is a disciplined and highly quantitative business strategy focused on 
increasing profitability and improving results. It was created by Robert Galvin (Robert William 
"Bob" Galvin - october 9, 1922 - oct 11, 2011), president of Motorola's board of directors, through a 
benchmark work in the 80´s, when an effort was made to increase sales and quality of goods. The 
goal of six sigma can be illustrated as the continuous cycle of define, measure, analyze, improve 
and control, very similar to the method PDCA: plan, do, check, act, with the essential difference 
being a rigorous statistical process to measure deviations from a nominal value or a goal (Aguiar, 
2002). The term six sigma defines the achievement 3.4 defects per million events or 99.99966% of 
perfection.  A defect is anything that causes customer dissatisfaction, a product that does not meet 
customer specifications, offer poor service or a very high price. 
In any project that uses Six Sigma methodology exists the so-called "Big Y" and "y's". In the 
event that the project "Big Y" are rejected lots and the costs of these reworks and "y's" are the 
factors that contribute to the "Big Y". Statistically, sigma (standard deviation) is a measure that 
quantifies the variation between the results (products) from any process or procedure. The lower the 
value of the standard deviation, the better the process. The higher the value achieved in the sigma 
range, the better. For example, if in a 500 cell production 3 faults occur, the calculation is 
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performed as follows 3/500 = 0.006 * 1,000,000 = 6.000 PPM. The level, in the case, will need a 4 
Sigma process improvement to reach the 3 Sigma level. 
 
2. METHODOLOGY 
To start the project it was first necessary to understand the production process of mobile phones 
of the company under study, illustrated by the flowchart in Figure 1. 
In 2014 a large number of lots of mobile was rejected due to incorrect process tests that were not 
performed. Among other problems operators were not able to perform the tasks assigned. 
With this increase in rejection rate of the final product, quality was compromised and the cost of 
rework increased significantly. As previously mentioned, Six Sigma is a method, which makes use 
of statistics to determine, measure, analyze, and implement control of a product or process by 
performing the steps with excellence in order to generate a continuous improvement cycle 
(RORONDARO 2002 cited HOFF, 2005). The company's production flow analysis is illustrated in 
Figure 1. 
 
 
Figure 1 - Flowchart of the production process of the company 
Source: The author 
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As stated in the introduction, the Six Sigma methodology consists of continuous process 
improvement. In 2014 a large number of lots were rejected at the cellular plant, due to incorrect 
process tests performed. Among other problems, operators were not able to perform the tasks 
assigned,decreasing  the quality of the final product and increasing  and the cost of rework.  
The methodology used by various companies, for the improvement of processes consist of 
steps that can be synthesized by the initials DMAIC, which, according to Eckes (2001), the 
following definitions apply: 
- Define: define  the teamwork, determine the clients of the process and their needs and 
requirements, and specify the process to be improved; 
- Measure: identify the essential characteristics of efficiency and effectiveness and 
relates them to the concept of sigma; 
- Analyze: through an evaluation it is possible to determine the origins of the problem; 
- Implement: the set of activities related to the appearance, selection and implementation 
of solutions;  and 
     - Control: to ensure that improvements are maintained over time. 
 
2.1. DEFINITION 
The first step was to  collect the 2014 data referring to the number of rejected  batches and 
determine reworks costs. This analysis was carried out by consulting a master list of annual control 
that make up these data. The number of lots rejected in 2014 divided by the number of inspected 
lots reached the 4  sigma level  It was also taken into account  the 2014 cost of rework. Figure 2 
shows the amount of rejected lots, the total cost and the monthly average in 2014. Running the 
sigma  calculation : 480 / 79,502 = 0.00603 * 1,000,000 = 6.038PPM, a 4 sigma level. Therefore, it 
was necessary to implement an improvement project. Based on these data it was possible to define 
the project goals and where there was space of  opportunity for improvement in the process. 
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Figure 2 - Project Definition mostranto the current situation and the goals to be achieved 
Source: The author 
The next step of the definition was to point out those operators  responsible for each project 
task and complement all of them. To use this action the first Six Sigma tool in the project which is 
the brainstorming to gather information and to stimulate creative thinking. 
 
 
Figure 3 - illustrative of Brainstorming Tool 
Source: Handout Six Sigma Training Company 
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Sectors were listed that would be directly or indirectly involved with the project: Quality 
Control sector, Production plant, Process Engineering, and Outsourcing. The project leader was also 
defined, along with the responsibilities of each person involved in the project (who) a very 
important point to be completed afterwards (when). 
 
 
Figure 3 - Project registration, setting leader, period of the steps involved and their 
Source: The author 
 
2.2. MEASURE 
At this stage it is necessary the assistance of an important tool for the project to be 
successfully implemented, called Minitab. Minitab is a proprietary computer program designed for 
statistical purposes. It is widely used in universities in introductory statistics courses. It is also used 
in companies at a more advanced level of use, with more specific functions aimed at management. 
Its interface is similar to a spreadsheet like Microsoft Excel but with the ability to perform complex 
statistical analyzes. The program was developed in 1972. Minitab is generally used in conjunction 
with six sigma, which is a way to improve routine processes. Currently, thousands of public and 
private organizations worldwide use this powerful tool in their work environment. Among them 
over 4000 universities in over 80 countries. 
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Figure 4 - Desktop Minitab 
Source: Unraveling Minitab – Hail 
 
In 77 % of lots rejected in 2014 which are detectable in the process made the separation 
failure symptom and plot in Minitab. We use the second Six Sigma tool that is Diagram Pareto 
Chart. The Pareto diagram is a column chart that sorts the frequency of occurrences, from largest to 
smallest, enabling prioritization of problems, seeking to pursue the principle of Pareto (80% of the 
consequences stem from 20% of the causes), this is, there are many problems unimportant in the 
face of other more serious. Their major use is to allow easy viewing and identification of the causes 
or major problems, enabling the concentration of efforts on them. In Figure 5 we have the 
distribution of failures by type, that would be the 'y's commented at the beginning of the project, as 
well as the 80:20 rule already applied. 
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Figure 5 - 77% Distribution of failures and application of the rule 80:20 
Source: The author 
 
As we can be seen by the 80:20 rule, actions were taken in the following failures: LCD, 
Sound, Camera, Radio Tuning and Touch Pad. To improve the analysis and these failures 
improvements, a broken down by type of failure was performed, as shown in Figure 6. 
 
 
Figure 6 - Failures separated by symptom type and 
Source: The author 
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After this procedure the measurement of projects were completed, and three actions were 
considered: 
1 - Acting in detectable flaws; 
2 - The faults were actions were necessary were: LCD, Sound, Camera, Radio and Touch 
     3 - To create an effective method, with macros actions so that the goal could be  reached. 
 
2.3 - ANALYSIS 
The analysis will use the third tool Six Sigma is the Ishikawa diagram, also known as Cause 
and Effect Diagram or Diagram spine fish-is a graphical tool used to manage and Quality Control 
(QC) in several cases, especially in industrial production. Originally proposed by chemical engineer 
Kaoru Ishikawa in 1943 and improved in subsequent years. In its structure, the probable causes of 
the problems (effects) can be classified as six different types when applied to 5M1E methodology 
are: Method - any cause involving the method that was executing at work; Material - every cause 
that involves the material that was being used at work; Hand labor - every cause that involves a 
developer's attitude (eg inappropriate procedure, speeding, recklessness, unsafe act, etc.); Machine - 
every cause involving the machine that was being operated; Measure - every cause that involves 
measuring instruments, calibration, effectiveness indicators to show the result of variations if the 
monitoring is being conducted, if it occurs at a frequency necessary; Environment - all because it 
involves the environment itself (pollution, heat, dust, etc.) and the work (layout, lack of space, 
improper sizing of equipment, etc.). In Figure 7 we find the herringbone design, here we will see 
the "Big Y" and "y's". 
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Figure 7 - Fish bone or Ishikawa Diagram 
Source: The author 
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2.4 – IMPROVEMENT 
The best way to show the improvements is making the process before then, this way we will 
make a comparison with the "y's" and the actions applied to the project. 
 
y1: Hand labor: Inspection Level - I reject occurred because the employee did not have an 
adequate level of inspection to perform the task assigned to him was that the inspection on the LCD. 
Action: In this action will use the fourth Six Sigma tool called Gage R & R, which measures the 
operator's ability to perform the process correctly or not as procedure. It is measured by means of 
repeatability and reproducibility. Gage R & R was applied to all of the functional station operators 
and found that a percentage of them were not able to perform the process. It was necessary training 
so that all employees stay at the same level of inspection. In Figure 8 we can see that the operator 
was not performing the procedure correctly. We conducted Gage R & R and found that their level 
was nonstandard, held training and again applied the tool and the result was satisfactory. 
Eng Res, v. 8, n. 1, p. 15-32, January / 2017. doi.org/10.32426/engresv8n1-002 27 
 
 
Figure 8 - Application of Gage R & R before and after 
Source: The author 
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y2: Environment: Lighting - reject occurred because the environment that the operator inspected 
the failure became intermittent due to reflections by excessive lighting on the LCD. 
Action: We reduce the light level in the functional position to improve the power operator 
inspection. Obs .: In this case it was necessary to measure the brightness in that same station to stay 
within the standard range (150 ~ 600 lux) . In Figure 9 it is possible to see the improvement in 
lighting. 
 
                               Before      After 
 
 
 
Figure 9 - ambient light reduction for LCD fault detection 
Source: The author 
 
y3: Machine: New Installation of machinery - reject occurred because the operator did not run 
the sound and radio test correctly in the functional position. 
Action: Installation of machines that automatically perform testing, making use just the fifth tool 
Six Sigma, called foolproof intended to prevent the occurrence of defects in manufacturing 
processes and / or use of products. This concept is part of the Toyota Production System and was 
first developed by Shigeo Shingo, from the principle of "no-cost". An example is the inability to 
remove the ignition key of a car if your automatic transmission is not in "neutral", so the driver can 
not make the mistake of leaving the car in unsafe conditions. Figure 10 shows the improvement 
made in this position. 
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                                            Before                                                After 
 
Figure 10 - automatic machine installation works at the post 
Source: The author 
 
y4: Method: Radiation: Failure occurred in the radiation station. This is the last post before 
coming to final inspection and because it is the last stand is necessary to remove the device's 
battery. There was no standard for the removal of this battery, and in some case the LCD reached 
Chebar and because it is the last place the unit did not care anymore reaching the quality sector 
where the waste occurred. Often some of these devices came into the hands of customers. 
Action: We have created a battery withdrawal method where a foam to cushion this impact has been 
placed. In figure 11 we can see the improvement implemented 
 
 
                                              Before                                                             After 
 
Figure 11 - Battery withdrawal of Standardization last post 
Source: The author 
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y5: Method: Camera Test: The waste occurred because the test method was not effective, an 
improved test method was needed. 
Action: The screen test was performed under a colorful ruler, but the focus of failures were not 
detected. It was placed in the center of the colored strip a sign to improve the inspection of the 
operator, which focus failure becomes detectable. In figure 12 we can see the improvement made in 
the functional position. 
 
                                                    Before                                       After 
 
 
Figure 11 - Improved held in camera test in the functional position 
Source: The author 
 
2.5 - CONTROL 
This is the time when we can measure our project has been effective and has reached the 
goal, hit or if part of it was not effective. The control function is not only verify that the project was 
effective within the period he was executed but monitor for various periods, because if within that 
monitoring your goal is out doKPI will need a new project with all the steps again. In Figure 13 we 
can observe the project monitoring through the month of May 2015. 
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Figure 13 - Project monitoring after improvements 
Source: The author 
 
3 - CONCLUSION 
It follows that Methodology Six Sigma a tool that is based on the use of statistical when applied 
correctly can generate great results with reduced cost, improved as indicators of quality and 
productivity. It is a methodology that can be applied in all segments involving process. Importantly, 
to apply it first of all we have to have data and these must be real, because nothing in this world is 
better if before is not measured. 
About the project we can see that the goal was reached, we had a reduction of cost rework batches 
rejected by 50%, we can also mention the tools used in the project as Brainstorm, Pareto Diagram, 
Gage R & R and Poka Yoke. We should emphasize that these are just a few tools that rich 
Methodology gives us. The project was approved and the monitoring should occur until the month 
of December 2015.  
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